Motor development has been extensively studied in human infants and children, with several established scales for the evaluation of motor functions. However, the study of the neuronal mechanisms underlying human motor development is hampered by the lack of good animal models. The common marmoset (Callithrix jacchus), a small New World monkey, has recently attracted much attention as a potential nonhuman primate model for understanding human physiology and diseases. However, little is known about its gross motor development. In the present study, we found that marmosets have a critical period for motor development in postnatal weeks 2 to 5, and acquire most of their motor skills by 8 weeks of age. We also developed methods to assess their motor functions, which will be useful for the evaluation of motor performance in marmoset models of human diseases. In addition, we found that marmosets exhibit a "head-to-tail" sequence of motor development similar to that found in humans, further supporting the notion that they provide a good animal model for studying the neuronal mechanisms underlying human motor development.
INTRODUCTION
Motor development is one of the most important areas in developmental biology, and has been extensively studied over the past fi ve decades. In human infants and children, the development of motor behaviors has been thoroughly characterized, resulting in the formulation of several scales for its assessment. For example, the Albert Infant Motor Scale has been widely used to measure the maturation of gross motor functions from birth up to the age of independent walking [1] . These methods have important clinical applications in the identification and treatment of premature newborn infants with motor dysfunction. Efforts have also been made to study the underlying neuronal mechanisms of human motor development. Two major theories of motor development, neuronal maturation versus dynamic systems theory, have been proposed.
They reflect the traditional "nature-nurture" controversy in understanding human development [2, 3] , and the exact neuronal circuit mechanisms remain largely unknown. One important reason is the lack of useful animal models that are amenable for experimentation.
Non-human primates, with close physiological and genetic similarities to humans, have been used as animal models for human diseases, such as Huntington's disease [4] and Parkinson's disease (PD) [5] . Monkey models of PD show motor dysfunctions typical of human patients.
However, the Old World primates, such as rhesus monkeys, have significant limitations as models, such as the large body size, slow sexual maturation (>3 years), and long gestation period. Thus, the common marmoset (Callithrix jacchus), a small New World monkey, has recently attracted attention as a non-human primate model in neuroscience, immunology, drug toxicology, and stem-cell research [6] .
Marmosets have a signifi cantly smaller body size (300-500 germline transmission have been successfully generated [7] , further promoting the potential their use as models to study human physiology and diseases.
Several studies have described the development of specific behaviors in marmosets, such as hand preference [8] and head-cocking [9] . However, their gross motor development is still unknown. Furthermore, to model the motor dysfunctions in human diseases, it is essential to set up a scale to evaluate the motor abilities of marmosets.
Therefore, in the present study, we mainly examined the gross motor development of marmosets from postnatal week 1 to week 8, by which time they have acquired most of the motor skills of the adult.
MATERIALS AND METHODS

Animals
Eleven newborn common marmosets (C. jacchus) were used in this study ( Academy of Sciences (Shanghai, China).
Experimental Protocol
The tests were performed in a single sound-isolated room.
Animals were taken from their home cages, handled by experienced breeders, and then tested in different tasks. In brief, as shown in the supplementary movies, each animal was (1) handled to test whether it could grasp small sticks, 
Data Recording and Analysis
The marmoset behaviors in all experiments were recorded by digital video cameras. All data were scored offline by two independent experimenters in a blinded manner. Data are shown as mean ± SEM. All statistical analysis was performed using Origin 7.0 (OriginLab, Northampton, MA).
RESULTS
Grasping, Hanging, and Righting Refl ex
We chose 11 newborn marmosets for this study (Table 1) , consisting of five pairs of twins and one singleton. At the age of 1 week, they were all able to grasp a small stick ( 
Postural Control
Postural control is the ability to achieve a stable vertical posture of the head and trunk against the force of gravity.
We scored postural control as follows: 1, raising the head and looking up; 2, standing with forelimb support; and 3, sitting with hindlimb support ( Fig. 2A ; Supplemental Movie 2). We found that marmosets could only raise the head during the first two weeks, and then stood with forelimb support from the third week ( Fig. 2A ; Tables S1-11 ). In the fi fth week after birth, they were all able to sit with hindlimb support, similar to adults ( Fig. 2A ; Tables S1-11 ).
Locomotion
Locomotor behavior was scored as follows: 1, crawling; 2, walking; and 3, running ( Fig. 2B ; Supplemental Movie 3).
Most marmosets could only crawl during the fi rst three weeks, and then walked from the fourth week. In the sixth week, they could all move by running ( Fig. 2B ; Tables S1-11).
Negative Geotaxis
Negative geotaxis, the movement response against gravity, was tested by placing the animals facing down on a smooth inclined plane. This behavior was scored as: 1, sliding down; 2, holding onto the inclined plane; and 3, orienting upward and moving up the plane ( Fig. 3A ; Supplemental Movie 4). Most animals could hold onto the inclined plane in the second or third week, and showed negative geotaxis in the fourth week, as they successfully oriented themselves upward ( Fig. 3A ; Tables S1-11).
Climbing
Climbing is an important motor skill for monkeys, and is also complicated as it involves the coordination of the whole body. Climbing behavior was assessed using a vertical plastic rod and scored as: 1, sliding down the rod; 2, holding onto the rod; and 3, climbing up the rod ( 
. Representative images and summary of results for negative geotaxis (A) and climbing (B)
. n = 11.
Fig. 4. Representative images and summary of results for jumping (A) and barrier-crossing (B). n = 11.
from the third week, and all animals could climb up it in the eighth week ( Fig. 3B ; Tables S1-11 ).
Jumping
Jumping is also especially important for monkeys, and depends especially on the power of the hindlimbs. The jumping behavior was observed in a cage and scored as:
1, no jumping; 2, takeoff posture; and 3, jumping ( Fig. 4A; Supplemental Movie 6). Similar to the results above, they
showed the takeoff posture from the third week after birth, while most marmosets were able to jump in the fi fth week ( Fig. 4A ; Tables S1-11).
Barrier-crossing
Finally, we designed a barrier-crossing task since the ability to cross a barrier is necessary for marmosets, and requires a variety of basic motor skills. We placed two 10-cm high . We found that from the fourth week, they could stand on the barrier, and in the eighth week, all successfully crossed it ( Fig. 4B ; Tables S1-11 ).
DISCUSSION
In this study, we examined the gross motor development of common marmosets. In the first week after birth, they exhibited grasping, hanging, the righting refl ex, raising the head, and crawling, all of which are important for newborn marmosets to tightly cling to their parents. In the third and fourth weeks, they could stand using the forelimbs, walk, and hold onto the inclined plane and vertical rod. By 6 to 8 weeks, when marmosets start to obtain food by themselves, they had acquired essentially all the common motor skills of the adult, including sitting with hindlimb support, running, These results showed a "head-to-tail" sequence of motor development and indicate that weeks 2 to 5 is a critical period for the motor development of marmosets (Fig. 5) .
Furthermore, by analyzing the developmental change of body weight (Fig. 5A ), we found a linear increase with age, with no critical period like that of motor development, suggesting that the motor development is not simply due to growth but refl ects the maturation of the nervous system.
Motor development has been extensively studied in humans and some animal models, but little is known in marmosets. Motor behaviors of newborn marmosets are difficult to observe in the home cage, because they are usually carried on the back of the mother. In this study, we removed the infants from their home cage once a week, and were the fi rst to describe the gross motor development of marmosets. The various tests and parameters used in the present study were designed based on both the motor assessment methods for human infants (such as grasping, postural control, and locomotion) and the natural characteristics of marmosets (such as climbing, jumping, and barrier-crossing). Interestingly, in a previous study, a specific marmoset behavior (head-cocking) was reported to occur on day 13 after birth and reach a stable level by days 24-29 [9] , over the same developmental period as our study. Motor performance has also been studied in several marmoset disease models, such as PD [10] , spinal cord injury [11] , stroke [12] , and aging models [13] . In the future, marmosets could be further used for developing models of other motor-related human diseases, such as transgenic models for motor-related genes. Our study establishes a basis for the further study of motor development in marmoset disease models, and provides a method for the assessment of their gross motor functions.
A controversial aspect of human motor development is the underlying mechanisms. The traditional neuronal maturational theory proposed by McGraw and Gesell [14, 15] posits that changes in motor development are due to the maturation of the central nervous system. On the contrary, the "dynamic systems theory" proposes that movement patterns do not arise from the maturation of neuronal centers but from the cooperation of multiple subsystems [16, 17] .
Given that the motor development of marmosets resembles the "head-to-tail" sequence in humans, marmosets could be used for neuronal circuit analysis to resolve this "naturenurture" issue in motor development. Interestingly, as shown in Table S5 , the only singleton (23#), supposed to obtain more nutrition from its mother than twins, showed earlier motor development with a critical period from 2 to 3 weeks after birth, while the other twinned animals showed a critical period from 3 to 5 weeks (Tables S1-11 ). In the future, genetic manipulation in marmosets can be used to study the intrinsic determinants of motor development.
Also, postnatal training or interference in marmoset models can be used to study the nurture mechanism of motor development.
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